A number of fixatives were tested to determine their suitability for use with the unlabelled antibody peroxidase-antiperoxidase (PAP) method for demonstrating immunoglobulin in paraffin sections of tonsil and trephine samples of bone marrow. It was found that tonsil fixed in 'isotonic' solutions of formaldehyde reacted with the PAP method only after the sections had been trypsinised. Several other fixatives, including Bouin's fluid, Carnoy's fluid, and solutions containing mercuric chloride, gave tissues which reacted without trypsinisation of sections, and particularly good results were obtained with formol saline to which acetic acid (2-10%) had been added. A combination of acetic acid (10 %)-formol saline and formol sublimate also gave excellent results with bone marrow. The influence on the PAP method of a number of steps in the processing of tissues and sections was also examined. Solution 2 Formol saline 4% formaldehyde (prepared from paraformaldehyde or from 40 % formalin BP) in 0 85 % sodium chloride (NaCl) solution, with or without 2% sucrose. The following concentrations of formaldehyde (in 0-85 % NaCI) were also used: 0-1%, 0-5%, 1%, and 2%. Various concentrations of NaCl were also tested (with 4% formaldehyde but no sucrose): 0-2%, 0 4%, 0.6%, 0-8%, and 2%.
Following the demonstration of immunoglobulin (Ig) in paraffin sections of formalin-fixed tissues by a peroxidase-based immunohistochemical technique,' many pathologists have used the method but with varying degrees of success. Most used formaldehyde as the fixative, and the role of fixation as a cause of failure became obvious when it was found that tissues fixed in an unbuffered (aqueous) solution of formaldehyde gave better results than those fixed in 'isotonic' solutions of the same fixative;2 and when sections of unreactive tissues were trypsinised, Ig-containing cells could be readily demonstrated in them, confirmation that fixation had merely masked the antigen (Ig) and not destroyed it.3 4To clarify further the influence of fixation and to try to eliminate the need for trypsinisation, a series offixative solutions has been tested. At the same time, the effect of the other steps in the processing of the tissues and of sections was investigated. Two tissues were studied: human tonsil which, apart from the crypt epithelium, consists largely of hyperplastic lymphoid tissue and contains a large population of Ig-containing cells;2 and a series of trephine specimens of human bone marrow.
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FIXATIVES
The following solutions were used (Table 1) : Solution 1 Buffered formaldehyde 4% formaldehyde (prepared from paraformaldehyde or from 40% formalin BP) in 0-135 M phosphate buffer to which 2Y% sucrose was sometimes added. Carson's modification of Millonig's fixative5 was also used occasionally.
Solution 2 Formol saline 4% formaldehyde (prepared from paraformaldehyde or from 40 % formalin BP) in 0 85 % sodium chloride (NaCl) solution, with or without 2% sucrose. The following concentrations of formaldehyde (in 0-85 % NaCI) were also used: 0-1%, 0-5%, 1%, and 2%. Various concentrations of NaCl were also tested (with 4% formaldehyde but no sucrose): 0-2%, 0 4%, 0.6%, 0-8%, and 2%. saline (without added sucrose): 0-1 %, 0-2%, 0 5%, 1%, 2%, 5%, and 10%. The pH of the solutions with the higher concentrations of acetic acid is approximately 2, and for comparison 4 Table 2) With every specimen a range of titres was used for stage (d) of the PAP sequence, to determine the optimum titre (Table 2 ). The optimum titre method is influenced not only by fixation and processing but also by the particular antibody used (and even with the particular batch). With antisera against K and A chains, it is generally between 1 in 250 and 1 in 500 with the control sections of tissues (fixed in solutions 1 or 2), but with tissues fixed in acetic acid (2%)-formol saline (solution 4) it is sometimes 1 in 10 000 and with Carnoy's fluid (solution 8) it may be 1 in 20 000 or more ( Table 2 ). The titre for the antisera against y and a heavy chains is usually about half that for K and A chains, and for ,t chains it is about a quarter (1 in 50 or 1 in 100).
Determining the optimum titre reduced or abolished non-specific reactions and avoided the prozone phenomenon which readily produces a false-negative result with a too-low titre. It also allowed valid comparisons to be made between the various fixation/processing sequences. To determine it, the following criteria were used: the intensity of the reaction (ideally a deep brown-black colour) in the cytoplasm of mature plasma cells; the number Curran 
Solution 3-Aqueous formaldehyde
In tissues fixed in aqueous (4%) formaldehyde, small numbers of Ig-containing plasma cells can be detected. The reaction for Ig is weak, and as NaCl is added to the fixative in increasing concentrations, the reaction progressively weakens and is practically absent when the concentration reaches 0-8 %. As the concentration of NaCl is increased beyond this level to 2%, the only detectable effect is increasing shrinkage of cells. 2 % formaldehyde-saline gives slightly better results with the PAP procedure than 4 % formaldehyde-saline (formol saline) but it preserves histological structure less well. 1 % (or less) formaldehyde-saline is a poor histological fixative, and the response of the sections to the PAP sequence is equally bad.
Solution 4-Acetic acid-formol saline
With formol saline containing 5% or 10% acetic acid, histological structure is well preserved and nuclear structure is well demonstrated. However, the granules of eosinophil leucocytes are not preserved, and haemoglobin is usually lost from erythrocytes. Collagenous tissue tends to be rendered hyaline in appearance by the 10% solution. With the PAP method, large numbers of Ig-containing cells are visible, of which only a proportion are mature plasma cells (Figs 1 and 2) . The 2% acetic acid solution gives a less sharply defined localisation of the Ig than the 5% and 10% solutions but the number of Ig-containing cells is even greater (Table 2) , and Ig is detectable within tingible-body macrophages (Fig. 2) (Fig. 3) , an appearance accentuated by the fixative's tendency to shrink the cells. This tendency appeared to be less when the solution was made up with 60% aqueous HgCl2 instead of saturated solution. Background staining is not quite as low as with acetic acid-formol saline. (Fig. 4) Solution 8-Carnoy's fluid Histological structure is reasonably well preserved with both fixatives, but the sections react unpredictably with the PAP method, Carnoy 1 being slightly better than Carnoy 2. Trypsinisation is without benefit.
BONE MARROW
Plasma cells with a high concentration ofcytoplasnic Ig are seen in all specimens of normal haemopoietic marrow (Fig. 5) . Monoclonality is readily demonstrated in myelomatous infiltrates, cells containing one type of light chain being present in one section (Fig. 6 ) and no cells containing the other type of light chain being demonstrable in a serial section. Histological structure is reasonably good when acetic acid (10 %)-formol saline is used by itself but the cytological appearances are greatly enhanced when the initial fixation has been in formol sublimate followed by acetic acid (10 %)-formol saline. In sections of tissues fixed initially in acetic acid (2%)-formol saline, Ig is detectable in many megakaryocytes.
Discussion
The results show that the thickness of the paraffin section has considerable influence on the response to the PAP method and emphasise the need for thin (2-4 yim), flat sections free from crushing artefact. microscopy,7 but the present study confirmed that tissues fixed in either of them react poorly with the PAP method for Ig,14 whereas trypsinised sections of the same tissue responded so well to the PAP method that they could be used as 'positive' controls against which performance of the other fixatives could be assessed. Aqueous or markedly hypotonic solutions of formaldehyde gave slightly better results than isotonic solutions, but lowering the tonicity of the fixative was an ineffective method of rendering tissues reactive; and soaking of unfixed or lightly fixed tissues in isotonic buffer or in hypotonic saline before isotonic fixation was of even less value. In contrast, the addition of acetic acid to isotonic formaldehyde solution (formol saline) proved very effective, and Ig-containing cells were demonstrable in large numbers in untrypsinised sections of tissues fixed in acetic acid-formol saline. The concentration of acetic acid was not critical, and 'over-fixation' was not a problem. The greatest number of Igcontaining cells was seen with the 2 % solution. Indeed, the number was so large that it raised the possibility of diffusion artefact, but the regular juxtaposition of strongly positive cells and completely negative cells, as well as the extremely low background staining, made this very unlikely. Unfortunately, the beneficial effect of acetic acid was not obtained by post-fixing tissues previously fixed in isotonic formaldehyde in acetic-acidformaldehyde solution.
The mode of action of the acetic acid in increasing the permeability of cells to the large molecules used in the PAP method is unknown, but the failure of the acetic acid-formol saline to preserve the cytoplasmic membrane of erythrocytes (the haemoglobin generally being lost from the cells) is relevant. Acetic acid-formol saline also preserves the granules of eosinophilic leucocytes poorly, suggesting a general failure to preserve membranous structures within cells. The presence of a high degree of cell permeability after this mode of fixation was confirmed by the inability of trypsin to improve the response of sections to the PAP method. Failure to preserve the cytoplasmic membrane of cells would also explain the difficulty encountered in demonstrating Ig on the surface of the small B lymphocytes of the lymphoid follicles. Presumably acetic acid exerts a similar action in Bouin's fluid and Carnoy's fluid, the results with Bouin's fluid being comparable with those obtained with acetic acid (5% or 10%)-formol saline. However, neither of the Carnoy fluids, despite the high titres possible in the first stage of the PAP method, gave results of comparable quality or consistency.
Solutions containing mercuric chloride also gave worthwhile results with the PAP method, including the occasional demonstration of surface Ig. Histologically the results, particularly with formol sublimate, were good, confirming previous work, and red cells and eosinophil leucocyte granules were well preserved. Nevertheless mercuric chloride-containing fixatives are not noted for their ability to preserve cell ultrastructure; and failure to preserve the membranous compartments of cells may also explain their ability to provide sections that react with the PAP method without prior trypsinisation. Immunohistochemically the various mercuric chloridecontaining solutions gave similar results, but histologically a 60% aqueous solution was less likely to produce cell shrinkage than the other solutions.
As with acetic acid, the beneficial action of mercuric chloride on the response of tissues to the PAP method could not be obtained by post-fixation, and tissues previously fixed in isotonic solutions of formaldehyde (solutions 1 and 2) were not improved by subsequent fixation in formol sublimate. Most 'routine' surgical tissues are fixed in isotonic formaldehyde solution, and for retrospective studies on these, trypsinisation remains a very useful procedure, despite the theoretical but so far unsubstantiated possibility that it might cleave tissue antigens to yield fragments common to many determinants.8 Indeed, in the present study it was only in trypsinised sections of tissue fixed in isotonic formaldehyde that surface Ig could be regularly demonstrated. Nevertheless it is a time-consuming procedure, particularly since the optimum degree of trypsinisation has to be determined; and when a prospective study is contemplated, consideration should be given to using a fixative that works without trypsinisation.
Bouin's solution is a reasonable alternative, as others have shown.9 So, too, are solutions containing mercuric chloride, and especially formol sublimate, which preserves cytological structure very efficiently, although the tendency of mercuric chloride to shrink cells can be troublesome. Acetic acid-formol saline can be recommended as very effective. The 5 % or 10% acetic acid solutions work well, but the most reactive tissues are obtained with the 2% solution. and after its use Ig is often detectable, for example, in tingible-body macrophages and megakaryocytes. The 10% solution has the useful additional property of acting as a decalcifying solution, completely decalcifying trephine samples of iliac crest bone in 48 hours and, when combined with preliminary fixation in formol sublimate to improve the cytological detail of the haemopoietic cells, gives impressive results. This technique should prove invaluable in allowing immunohistochemical studies to be made on a tissue which in the past has proved difficult to use for this purpose, particularly since unpublished results show that other antigens can be demonstrated readily.
